Effects of Direct Discharge of Cleaning-effluents from High-level Shrimp Pond on Main Processes of Organic Carbon in Kandelia obovata Mangrove Ecosystem by 王锦
学校编码：10384                                           密级       
学    号：33120141151676                                           
 
 
   
 
 
 
 
 
硕 士 学 位 论 文 
   
 
高位虾池清塘污染直排对秋茄红树林 
生态系统主要有机碳过程的影响 
Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on Main Processes of Organic 
Carbon in Kandelia obovata Mangrove Ecosystem 
 
王锦 
 
 
指导教师姓名：叶 勇  教授 
专  业 名 称：生 态 学 
论文提交日期：2017 年 4 月 
论文答辩时间：2017 年 5 月 
 
 
 
 
 
2017 年 4 月 
 
 
 
 
高
位
虾
池
清
塘
污
染
直
排
对
秋
茄
红
树
林
生
态
系
统
主
要
有
机
碳
过
程
的
影
响 
 
王
锦 
 
指 
导 
教 
师 
 
叶
勇 
教
授 
 
厦 
门 
大 
学 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文原创性声明 
 
本人呈交的学位论文是本人在导师指导下,独立完成的研究成
果。本人在论文写作中参考其他个人或集体已经发表的研究成果，均
在文中以适当方式明确标明，并符合法律规范和《厦门大学研究生学
术活动规范(试行)》。 
另外，该学位论文为(                            )课题(组)
的研究成果，获得(                )课题(组)经费或实验室的资
助，在(               )实验室完成。 
 
 
声明人(签名)：              
          年   月   日 
厦
门
大
学
博
硕
士
论
文
摘
要
库
厦门大学学位论文著作权使用声明 
 
本人同意厦门大学根据《中华人民共和国学位条例暂行实施办
法》等规定保留和使用此学位论文，并向主管部门或其指定机构送交
学位论文(包括纸质版和电子版)，允许学位论文进入厦门大学图书馆
及其数据库被查阅、借阅。本人同意厦门大学将学位论文加入全国博
士、硕士学位论文共建单位数据库进行检索，将学位论文的标题和摘
要汇编出版，采用影印、缩印或者其它方式合理复制学位论文。 
本学位论文属于： 
(       )1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 
(       )2.不保密，适用上述授权。 
(请在以上相应括号内打“√”或填上相应内容。保密学位论文
应是已经厦门大学保密委员会审定过的学位论文，未经厦门大学保密
委员会审定的学位论文均为公开学位论文。此声明栏不填写的，默认
为公开学位论文，均适用上述授权。) 
 
声明人(签名)：             
年   月   日
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 
   目录 
摘要 ........................................................................................................... Ⅰ 
Abstract ..................................................................................................... Ⅳ 
表索引 ....................................................................................................... Ⅷ 
Table Index ................................................................................................ Ⅸ 
图索引 ....................................................................................................... Ⅹ 
Figure Index .............................................................................................. Ⅺ 
第 1章 前言............................................................................................... 1 
1.1 研究背景......................................................................................................... 1 
1.2 国内外研究现状............................................................................................. 2 
1.2.1 高位养虾对红树林影响的研究概况.................................................. 2 
1.2.2 红树林有机碳过程的研究进展.......................................................... 4 
1.3 研究意义和内容............................................................................................. 6 
第 2章 高位虾池清塘污染直排对秋茄红树林植被有机碳库的影响 .. 7 
2.1 样地概况.......................................................................................................... 7 
2.2 材料与方法..................................................................................................... 8 
2.2.1 植被生长指标测定............................................................................... 8 
2.2.2 植被生物量估算................................................................................... 9 
2.2.3 植被有机碳含量测定........................................................................... 9 
2.2.4 数据统计与分析.................................................................................. 9 
2.3 结果................................................................................................................. 9 
2.3.1 高位虾池清塘污染直排对植被生长的影响...................................... 9 
2.3.2 高位虾池清塘污染直排对植被生物量的影响................................ 10 
2.3.3 高位虾池清塘污染直排对植被有机碳积累的影响......................... 11 
2.4 讨论............................................................................................................... 12 
第 3章 高位虾池清塘污染直排对秋茄红树林凋落物生产的影响 .... 14 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 
3.1 材料与方法................................................................................................... 14 
3.1.1 植被凋落物生产量测定.................................................................... 14 
3.1.2 凋落物组分的养分含量测定............................................................ 14 
3.1.3 数据统计与分析................................................................................ 14 
3.2 结果............................................................................................................... 14 
3.2.1 高位虾池清塘污染直排对凋落物生产量季节变化的影响............ 14 
3.2.2 高位虾池清塘污染直排对凋落物养分含量的影响........................ 21 
3.3 讨论............................................................................................................... 24 
第 4章 高位虾池清塘污染直排对秋茄红树林凋落物分解的影响 .... 26 
4.1 材料与方法................................................................................................... 26 
4.1.1 凋落叶分解及养分含量测定............................................................. 26 
4.1.2 凋落枝分解及养分含量测定............................................................. 26 
4.1.3 凋落物分解测定指标......................................................................... 26 
4.1.4 数据统计与分析................................................................................. 27 
4.2 结果............................................................................................................... 27 
4.2.1 高位虾池清塘污染直排对凋落叶分解季节变化的影响................ 27 
4.2.2 高位虾池清塘污染直排对凋落叶养分分解季节动态的影响......... 30 
4.2.3 高位虾池清塘污染直排对凋落枝分解季节变化的影响................. 35 
4.2.4 高位虾池清塘污染直排对凋落枝养分分解季节动态的影响......... 36 
4.3 讨论............................................................................................................... 38 
第 5章 高位虾池清塘污染直排对秋茄红树林凋落叶归宿的影响 .... 40 
5.1 材料与方法................................................................................................... 40 
5.1.1 凋落叶林地现存量和蟹类摄食率测定............................................. 40 
5.1.2 凋落叶有机碳含量测定..................................................................... 40 
5.1.3 数据统计与分析................................................................................ 40 
5.2 结果............................................................................................................... 41 
5.2.1 高位虾池清塘污染直排对凋落叶林地现存量和蟹类摄食率季节变
化的影响............................................................................................ 41 
5.2.2 高位虾池清塘污染直排对凋落叶归宿的影响................................ 43 
厦
门
大
学
博
硕
士
论
文
摘
要
库
目录 
 
5.3 讨论............................................................................................................... 44 
第 6章 高位虾池清塘污染直排对秋茄红树林土壤-大气碳通量的影响
 ....................................................................................................... 47 
6.1 材料与方法................................................................................................... 47 
6.1.1 气样采集............................................................................................. 47 
6.1.2 气样分析............................................................................................. 47 
6.1.3 二氧化碳当量通量............................................................................. 47 
6.1.4 土样采集和处理................................................................................. 48 
6.1.5 数据统计与分析................................................................................. 48 
6.2 结果............................................................................................................... 48 
6.2.1 高位虾池清塘污染直排对土壤温室气体通量季节变化的影响.... 48 
6.2.2 高位虾池清塘污染直排对土壤养分含量季节变化的影响............ 55 
6.3 讨论............................................................................................................... 60 
第 7章 总结............................................................................................. 62 
7.1 主要结论....................................................................................................... 62 
7.2 创新点........................................................................................................... 65 
7.3 不足与展望................................................................................................... 65 
参考文献 ................................................................................................... 66 
附录 ........................................................................................................... 77 
致谢 ........................................................................................................... 78 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
 
   Contents 
Abstract in Chinese ................................................................................... Ⅰ 
Abstract in English .................................................................................... Ⅳ 
Table Index in Chinese.............................................................................. Ⅷ 
Table Index in English .............................................................................. Ⅸ 
Figure Index in Chinese ............................................................................ Ⅹ 
Figure Index in English ............................................................................. Ⅺ 
Chapter 1 Preface ........................................................................................ 1 
1.1 Background ...................................................................................................... 1 
1.2 Previous Research ............................................................................................ 2 
1.2.1 Overview Study of High-level Shrimp Pond on Mangrove .................. 2 
1.2.2 Research Progress of Organic Carbon Process in Mangrove ............... 4 
1.3 Research Significance and Content ................................................................. 6 
Chapter 2 Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on Carbon Pool of Kandelia 
obovata Plants ......................................................................... 7 
2.1 Study Area ........................................................................................................ 7 
2.2 Materials and Methods ..................................................................................... 8 
2.2.1 Measurement of Growth Parameters .................................................... 8 
2.2.2 Biomass Estimation of Plants  ............................................................. 9 
2.2.3 Determination of Organic Carbon in Plants .......................................... 9 
2.2.4 Statistical Analysis ................................................................................ 9 
2.3 Results .............................................................................................................. 9 
2.3.1 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on the Growth of Plants ................................................. 9 
2.3.2 Effects of Direct Discharge of Cleaning-effluents from High-level 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
 
Shrimp Pond on the Biomass of Plants .............................................. 10 
2.3.3 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Organic Carbon Accumulation of Plants ................ 11 
2.4 Discussion ...................................................................................................... 12 
Chapter 3 Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on Litter Fall Production in 
Kandelia obovata Forests ..................................................... 14 
3.1 Materials and Methods ................................................................................... 14 
3.1.1 Determination of Litter Fall Production ............................................. 14 
3.1.2 Determination of Nutrient Concentration in Litter Fall ...................... 14 
3.1.3 Statistical Analysis .............................................................................. 14 
3.2 Results ............................................................................................................ 14 
3.2.1 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Litter Fall Production............ 14 
3.2.2 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Nutrient Concentration in Litter Fall ...................... 21 
3.3 Discussion ...................................................................................................... 24 
Chapter 4 Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on Litter Decomposition in 
Kandelia obovata Forests ..................................................... 26 
4.1 Materials and Methods ................................................................................... 26 
4.1.1 Determination of Weight and Nutrient in Fallen Leaves .................... 26 
4.1.2 Determination of Weight and Nutrient in Fallen Branches ................. 26 
4.1.3 Litter Decomposition Index ................................................................ 26 
4.1.4 Statistical Analysis .............................................................................. 27 
4.2 Results ............................................................................................................ 27 
4.2.1 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Fallen Leaves Decomposition
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
 
............................................................................................................ 27 
4.2.2 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Nutrient Content in Fallen 
Leaves Decomposition ....................................................................... 30 
4.2.3 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Fallen Branches Decomposition ............................. 35 
4.2.4 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Nutrient Content in Fallen Branches Decomposition
............................................................................................................ 36 
4.3 Discussion ...................................................................................................... 38 
Chapter 5 Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on the Fates of Leaf Litter in 
Kandelia obovata Forests ..................................................... 40 
5.1 Materials and Methods ................................................................................... 40 
5.1.1 Determination of Standing Stock of Leaf Litter and Leaf Consumption 
Rate by Crabs ..................................................................................... 40 
5.1.2 Determination of Organic Carbon in Leaf Litter ................................ 40 
5.1.3 Statistical Analysis .............................................................................. 40 
5.2 Results ............................................................................................................ 41 
5.2.1 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Standing Stock of Leaf Litter 
and Leaf Consumption Rate by Crabs ............................................... 41 
5.2.2 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on the Fates of Leaf Litter ............................................ 43 
5.3 Discussion ...................................................................................................... 44 
Chapter 6 Effects of Direct Discharge of Cleaning-effluents from 
High-level Shrimp Pond on Soil-Atmosphere Carbon Fluxes 
in Kandelia obovata Forests ................................................. 47 
厦
门
大
学
博
硕
士
论
文
摘
要
库
Contents 
 
6.1 Materials and Methods ................................................................................... 47 
6.1.1 Collection of Gas Samples .................................................................. 47 
6.1.2 Analysis of Gas Samples ..................................................................... 47 
6.1.3 CO2-equivalent Flux ........................................................................... 47 
6.1.4 Collection of Soil Samples.................................................................. 48 
6.1.5 Statistical Analysis .............................................................................. 48 
6.2 Results ............................................................................................................ 48 
6.2.1 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Greenhouse Gas from Soil .... 48 
6.2.2 Effects of Direct Discharge of Cleaning-effluents from High-level 
Shrimp Pond on Seasonal Changes of Nutrient Content of Soil ....... 55 
6.3 Discussion ...................................................................................................... 60 
Chapter 7 Conclusion ................................................................................ 62 
7.1 General Conclusion ........................................................................................ 62 
7.2 Innovation ...................................................................................................... 65 
7.3 Deficiency and Prospect ................................................................................ 65 
References ................................................................................................. 66 
Appendix ................................................................................................... 77 
Acknowledgements ................................................................................... 78 
 
 
 
 
 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
摘要 
Ⅰ 
摘要 
本研究以福建省九龙江口南岸靠近虾池的一片秋茄（Kandelia obovata，以
前学名为 Kandelia candel）红树林为研究对象，总共选取两块纳污区，其中纳污
区Ⅰ自排污以来有 7 年，而纳污区Ⅱ的排污历史达 13 年，并在每块纳污区邻近
的位置分别确定一块对照区。通过每组纳污区与对照区的比较，揭示高位虾池清
塘污染直排对秋茄红树林生态系统主要有机碳过程的影响。
纳污区Ⅰ的植株明显比对照区Ⅰ高大，纳污区Ⅱ的植株长势明显不如对照区
Ⅱ。每组样地植株各部分生物量、地上部/地下部、总量及年增量比较均表现为
纳污区Ⅰ>对照区Ⅰ，纳污区Ⅱ<对照区Ⅱ，且纳污区Ⅰ的枝、叶、根及总生物
量显著高于对照区Ⅰ。纳污区Ⅱ的植株生物量年增量在这一年中为负值。每组样
地植株各部分有机碳积累量、地上部/地下部、总量及年增量比较表现出与生物
量比较相似的规律。这表明，短时期的高位虾池清塘污染直排对秋茄红树林的植
被碳积累有一定的促进作用，而长期排放至同一区域则会抑制红树林植被的生长
以及有机碳的积累。 
各样地秋茄树种均遵循正常的物候节律，并体现出一致的季相变化。受超强
台风“杜鹃”的影响，凋落叶与凋落枝的产量都在 10 月份达到最大值。受物种
生物学特性的影响，凋落花和凋落果的产量分别在 8、9 月和 4、5 月达到较大值。
每组样地间，秋茄植株的各部分凋落物产量及总量总体呈现出纳污区Ⅰ>对照区
Ⅰ，纳污区Ⅱ<对照区Ⅱ的规律，且纳污区Ⅰ的凋落叶、凋落花产量显著高于对
照区Ⅰ，纳污区Ⅱ的凋落叶产量显著低于对照区Ⅱ。这表明，与秋茄植被有机碳
库的结论相似，短时期的高位虾池清塘污染直排对秋茄凋落物量起到促进的作
用，而长期排放至同一区域则产生抑制作用。凋落物的有机碳、总氮、总磷含量
在每组样地间未形成显著差异，可能由于对照区底质也受到外来营养的影响，高
位虾池清塘污染直排对凋落物各组分各含量的影响被掩盖了。 
凋落叶分解较快，各样地分解 6 周后，夏、秋季的失重率达 67.43%~83.40%，
冬、春季的失重率达 39.58%~61.10%。凋落枝分解较慢，各样地分解 50 周后的
失重率也仅在 26.10%~37.76%。每组样地凋落叶分解速率比较，纳污区Ⅰ总体高
于对照区Ⅰ，纳污区Ⅱ总体低于对照区Ⅱ。主要由于纳污区Ⅰ植株高大，郁闭度
高，林地湿度大，底泥在林内的停留使细菌活动得到加强，而且底泥中丰富的有
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门
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机质的输入，增加微生物的活动。而长期排污使得纳污区Ⅱ林内郁闭度低，土壤
湿度不够，底质中生物的活性严重受到抑制，分解速率较低。凋落枝每组样地的
分解动态与凋落叶类似。凋落叶分解过程中的有机碳含量各季节各样地有升有
降，无明显规律。总氮含量总体呈上升的趋势。总磷含量总体呈现先下降后上升
的趋势。受有机碳含量和总氮含量两个因子的影响，碳氮比总体呈现下降的趋势。
各季节每组样地凋落叶的有机碳、总氮、总磷含量和碳氮比无明显差异。这表明，
高位虾池清塘污染直排对凋落叶养分的释放没有明显的影响。 
凋落叶的林地现存量季节变化不明显，蟹类摄食主要集中在 8、9 月。各季
节每组样地凋落叶林地现存量比较，纳污区Ⅰ总体高于对照区Ⅰ，纳污区Ⅱ总体
高于对照区Ⅱ，且纳污区Ⅱ11、12、1 月的凋落叶林地现存量显著高于对照区Ⅱ。
各季节每组样地蟹类摄食率比较，纳污区Ⅰ总体低于对照区Ⅰ，纳污区Ⅱ总体高
于对照区Ⅱ，但均无显著差异。四块样地秋茄凋落叶蟹类摄食碳占总凋落碳的比
重分别为 7.66%、11.95%、10.87%、2.56%，潮水输出碳占总凋落碳的比重分别
为 38.3%、44.6%、17.7%、74.2%。纳污区Ⅱ潮水输出碳占总凋落碳的比重较低，
可能与该滩面大量的废弃物阻碍了潮水的冲刷作用有关，而对照区Ⅱ潮水输出碳
占总凋落碳的比重较高，则是因为其蟹类摄食碳太低。总的来说，高位虾池清塘
污染直排对秋茄凋落叶归宿无明显影响。 
各样地 N2O、CH4和 CO2通量都是夏季较高，秋季、冬季和春季较低。每组
样地 N2O、CH4和 CO2通量比较，各季节总体表现为纳污区Ⅰ>对照区Ⅰ，纳污
区Ⅱ>对照区Ⅱ，且纳污区Ⅰ夏季的 CO2通量显著高于对照区Ⅰ。三种温室气体
的年通量及总年通量也表现出相似的规律，且纳污区ⅠCO2年通量显著高于对照
区Ⅰ。各样地土壤有机碳含量和碳氮比冬、春季高于夏、秋季，总氮、总磷含量
季节变化不明显。各季节每组样地土壤有机碳含量和碳氮比表现为纳污区Ⅰ<对
照区Ⅰ，纳污区Ⅱ<对照区Ⅱ，总磷含量表现为纳污区Ⅰ>对照区Ⅰ，纳污区Ⅱ>
对照区Ⅱ，总氮含量差异不明显。三种温室气体通量与土壤养分含量的 Pearson
相关分析结果为，N2O 通量与土壤有机碳含量、总氮含量、碳氮比呈显著正相关，
CH4通量和 CO2通量与土壤有机碳含量、碳氮比呈显著正相关。 
各样地红树林生态系统的碳预算显示，每组样地的净固碳值表现为纳污区Ⅰ
<对照区Ⅰ，纳污区Ⅱ<对照区Ⅱ，即高位虾池清塘污染直排使秋茄红树林生态
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系统的净固碳值有所降低。也就是说，高位虾池清塘污染直排对秋茄红树林生态
系统的主要有机碳过程有一定的影响，在一定程度上会削弱红树林生态系统的固
碳能力。 
 
关键词：高位虾池；清塘污染；秋茄；红树林；有机碳 
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Abstract 
A piece of Kandelia obovata forest which is beside the shrimp ponds and along 
the south coastline of Jiulongjiang, Fujian Province was regarded as the research area. 
Two polluted areas were chosen. It had been 7 years since it began to receive 
cleaning-effluents in area I and 13 years in area II. Two control areas were determined 
respectively beside each of the polluted areas. By comparing the polluted area and the 
corresponding control area, the effects of direct discharge of cleaning-effluents from 
high-level shrimp pond on main processes of organic carbon in K. obovata mangrove 
ecosystem were investigated. 
Plants in polluted area I were obviously higher than those in control area I, plants 
in polluted area II were not as good as those in control area II. Biomass of all parts, 
aboveground/underground, total biomass and the annual increment in plants of each 
group of sample areas all showed that polluted area I > control area I, polluted area II 
< control area II, and branch, leave, root and total biomass in polluted area I were 
significantly higher than those in control area I. The annual increment of K. obovata 
plants’ biomass in polluted area II was negative in this year. Organic carbon 
accumulation of all parts, aboveground/underground, total accumulation and the 
annual increment in plants of each group of sample areas showed the similar rule with 
the biomass. This suggested that short-term direct discharge of cleaning-effluents 
from high-level shrimp pond had a positive impact on the carbon accumulation of K. 
obovata mangrove, and long-term direct discharge had a negative effect on the growth 
and organic carbon accumulation of K. obovate plants. 
Plants of K. obovata in each sample area all observed the normal phenology and 
the same seasonal change. Due to the super typhoon "cuckoo", the production of leaf 
litter and branch litter got the highest values in October. And because of the species 
biological characteristics, the production of flower litter and fruit litter got the highest 
values in August, September and April, May respectively. Litter production of all 
parts and total litter production in plants of each group of sample areas generally 
followed the rule that polluted area I > control area I, polluted area II < control area II, 
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and the production of leaf litter and flower litter in polluted area I were significantly 
higher than that in control area I, the production of leaf litter in polluted area II was 
significantly lower than that in control area II. This indicated that short-term direct 
discharge of cleaning-effluents from high-level shrimp pond had a positive impact on 
the litter production of K. obovata plants, and long-term direct discharge had a 
negative effect on it, which was similar to the conclusion of K. obovata plants organic 
carbon stock. TOC, TN, TP content of litter fall in each group of sample areas did not 
show significant difference, maybe because control area sediment was polluted by 
external nutrition as well, the influences of direct discharge of cleaning-effluents from 
high-level shrimp pond on TOC, TN, TP content of each litter fall were masked. 
Fallen leaves decomposed so fast that the weight loss rates got to be 
67.43%~83.40% in summer and autumn, and 39.58%~61.10% in winter and spring 
after 6 weeks’ decomposition in each sample area. But the weight loss rates of fallen 
branches were just 26.10%~37.76% 50 weeks later. Decomposition rate of fallen 
leaves in each group of sample areas showed that polluted area I > control area I, 
polluted area II < control area II as a whole. Mainly because that plants in polluted 
area I were tall and luxuriant, the crown density was high, the sediment humidity was 
high, bacteria and microbial activity strengthened. However, long-term direct 
discharge made polluted area II low crown density and low sediment humidity, which 
might seriously inhibit biological activity and reduce the decomposition rate. The 
decomposition dynamics of fallen branches in each group of sample areas were 
similar to the fallen leaves’s. During the decomposition process of leaf litter in each 
season and each sample area, changes in TOC content were not regular, it might be 
higher or lower. TN content showed an upward trend on the whole. TP content 
decreased first and then increased on the whole. Influenced by TOC and TN content, 
C/N showed a downward trend on the whole. There was no significant difference 
between each group of sample areas in TOC, TN, TP content and C/N of leaf litter in 
each season. This indicated that direct discharge of cleaning-effluents from high-level 
shrimp pond had no obvious influence on nutrient release cycle of leaf litter. 
There was little difference in standing stocks of leaf litter in each season. Leaf 
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consumption by crabs mainly happened in August and September. Standing stocks of 
leaf litter in each group of sample areas and each season showed that polluted area I > 
control area I, polluted area II > control area II as a whole, and polluted area II 
significantly higher than control area II in November, December and January. Leaf 
consumption rates by crabs in each group of sample areas and each season showed 
that polluted area I < control area I, polluted area II > control area II as a whole, but 
there were no significant differences. In the 4 sample areas, ratios of crab feeding 
carbon and total carbon in leaf litter were 7.66%, 11.95%, 10.87%, 2.56% respectively, 
and ratios of tidewater output carbon and total carbon in leaf litter were 38.3%, 44.6%, 
17.7%, 74.2% respectively. The ratio of tidewater output carbon and total carbon in 
leaf litter in polluted area II was low, maybe because that plenty of rubbish on the 
beach hindered the flushing action of the tides. The ratio of tidewater output carbon 
and total carbon in leaf litter in control area II was high, which was due to the low 
crab feeding carbon. On the whole, direct discharge of cleaning-effluents from 
high-level shrimp pond had no significant influence on the fate of leaf litter. 
Fluxes of N2O, CH4 and CO2 from soil to air were higher in summer and lower in 
autumn, winter and spring in each sample area. N2O, CH4 and CO2 fluxes of each 
group of sample areas generally showed that polluted area I > control area I, polluted 
area II > control area II in each season, and CO2 flux in polluted area I was 
significantly higher than that in control area I in summer. The annual flux of the three 
greenhouse gases and total annual flux showed the similar regulation, and CO2 annual 
flux in polluted area I was significantly higher than that in control area I. The TOC 
content and C/N in the soil in each sample area were higher in winter and spring and 
lower in summer and autumn, TN and TP content were slightly different in each 
season. In each season in each group of sample areas, the TOC content and C/N in the 
soil showed that polluted area I < control area I, polluted area II < control area II, TP 
content showed that polluted area I > control area I, polluted area II > control area II, 
TN content were slightly different. The correlation analysis between the three 
greenhouse gas fluxes and the soil nutrient content showed that N2O flux was 
significantly positively related with TOC content, TN content and C/N, CH4 flux and 
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